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FOREWORD
Events during the past year have focused pubhc attention on energy uses,

energy resources, and the prospects of meeting present and future demands for

energy of all kinds. Although most attention has been directed to the recent shortages

of petroleum, there is the prospect of serious shortages of electrical energy in Califor-

nia within the next ten years. Delays in placing new electrical generating plants "on

line" are occurring, due principally to increased emphasis on safety factors and

effects on the environment. At the same time, increasing attention is being given to

energy conservation measures. Even with such measures, however, energy shortages

can be expected unless expanded energy production programs are launched.

Existing hydroelectric generating plants produce 30 percent of California's

present supply of electrical energy. The physical potential does exist in California for

increasing the present production of hydroelectric energy. Consequently, a prelimi-

nary appraisal of this potential is timely in light of the overall energy situation today.

This report presents a physical inventory of proposals for hydroelectric de-

velopment which have been studied before, at varying levels of intensity, by federal,

state or local government agencies, or by private and public utilities. While the

hydroelectric projects identified are not proposals for immediate development, they

do appear to have potential and may warrant reevaluation in light of the changed

energy situation. Some of the projects identified in this report are already being

reevaluated by other governmental bodies or utilities.

The term "hydroelectric potential", as used in this report, implies only the

physical possibility for development as concluded from previous studies. It is fully

recognized that hydroelectric energy has both advantages and disadvantages. On the

one hand, hydroelectric generation is smog-free, does not consume fuel, and does

not diminish the quantity or degrade the quality of the water resource used. On the

other hand, the generation of hydroelectric energy does involve streamflow diversion

and reservoir fluctuation and, in some cases, may conflict with other resources

values, especially the preservation of fish and wildlife. These factors, along with

other factors such as cost and financing, have not been fully evaluated in this report.

All of these matters would require detailed studies in any specific proposal for

development.

This report is designed to inform the public, the Legislature, and government

officials of the role hydroelectric energy could have in meeting the State's energy

needs and to provide a basis for programming additional studies to define the future

role of hydroelectric energy in California. ^^ /j ^- ^ ,

John R. Teerink
Director

Department of Water Resources
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CHAPTER I. SUMMARY AND CONCLUSIONS

Water has been widely used to generate electrical

energy in California since Old Mill Creek No. 1 , the first

three-phase hydroelectric plant, was completed in 1893
near Red lands. For several decades thereafter, most of

the electricity used in Califomia was generated in hy-

droelectric plants. Even with the increased development
of natural-gas and oil-fired steam plants in the past 20

years, and the decreasing availability of suitable sites,

hydroelectric plants still produce about 30 percent of the

electrical energy used in California. The early hydroelec-

tric plants were single-purpose energy generating pro-

jects; but most of the recent additions to the hydroelec-

tric system operate as multiple-purpose developments,

storing water for many other purposes, such as irrigation,

recreation, municipal and industrial use, and flood con-

trol.

In 1972, Californians used approximately 155 billion

kilowatthours of electrical energy. In recent years, hyd-

roelectric energy generation within the State has aver-

aged 32 billion kilowatthours annually. Additional

energy generated in hydroelectric plants outside of the

State is imported each year over transmission intercon-

nections with the Pacific Northwest and from plants on

the Lower Colorado River. It would be necessary to burn

the equivalent of approximately 53 million barrels of oil

annually in steam plants to generate the 32 billion

kilowatthours of electric energy produced by hydro

plants in California. This is equivalent to more than 15

percentof the total annual oil production in California in

1970, or the electrical energy need of about 5,000,000

people in one year. Since the cost of oil is rising rapidly,

and because oil is the main fuel being used in thermal

generating plants in California, the construction of hyd-

roelectric projects may become more competitive as a

future source of energy. The Department of Water Re-

sources therefore has assembled this report as an as-

sessment of the statewide potential for additional hyd-

roelectric energy generation.

The assessment does not include any analysis of fi-

nancial feasibility or in-depth evaluation of fisheries,

wildlife, or environmental factors. It is intended to pro-

vide an overview of the hydroelectric potential remain-

ing in California, and to identify those developments

where additional analyses may be warranted. Most of

the potential projects presented in this report have been

studied in the past by federal, state, and local and private

agencies. The level of knowledge of these projects cov-

ers a wide range from detailed feasibility level, where
design and construction could begin almost immediately

if funds were available, to very cursory information that

would require much further study before any recom-

mendation for action could result.

There are several potential hydroelectric develop-

ments that fall within the boundaries of restricted areas

such as parks, wilderness areas, primitive areas, and
wild and scenic river systems. The hydroelectric energy

potential for such projects was determined, but project

features are not shown on the basin maps in Chapter V.

Studies for this report have shown that it would be

physically possible to double the present average yearly

hydroelectric energy output in California. However,
more than half of the remaining potential which appears

physically possible is at locations covered by state and

federal laws establishing wild and scenic rivers and na-

tional parks. In addition, some of the other physical op-

portunities could probably not be implemented for many
years due to their complexity. The remainder, those de-

velopments that could be accomplished in the relatively

near future,if found feasible and environmentally ac-

ceptable, represents about a 30 percent expansion of the

existing system.

Table 1 summarizes the energy generation and ap-

proximate installed capacity of projects with near-future

potential for addition to California's hydroelectric sys-

tem.

A 30 percent expansion of the present hydroelectric

system output would yield more than 9 billion kilowatt-

hours of energy per year, which is equivalent to the

energy provided by burning 15 million barrels of oil per

year in steam plants. This is a significant amount of

energy and when coupled with the valuable peaking

capability of hydropower, it defines an important future

role for hydroelectric development.

While cost estimates or plans for implementation have

not been prepared for this report, a 30 percent expansion

of the present hydroelectric system output would require

a very large investment of capital from both private and

public sources.

Table I. Near-Future Potential Additions to California's Hydroelectric System

Hydrographic
Region



There are opportunities for construction of hydroelec-

tric plants at water projects owned and operated by

local, state, and federal agencies. In some cases these

opportunities involve the expansion of existing power
plants and in some cases they involve the addition of

hydroelectric energy generation where it is presently not

included as a project purpose. Several opportunities for

providing significant amounts of electrical energy are

associated with the State Water Project.

There is an opportunity to increase the output of pres-

ently constructed or future hydroelectric systems by
weather modification to increase basin runoff by, re-

finement of reservoir flood control operation criteria to

reduce spills, by modifying practices of multiple-

purpose project operation to increase energy produc-

tion, long range weather forecasting to improve seasonal

operation, watershed management and reservoir evap-

oration suppression to increase runoff.

Under special circumstances, some additional energy

can be produced at power plants situated below flood

control reservoirs without significantly decreasing flood

protection, by temporarily modifying flood control res-

ervations if detailed and reliable runoff forecasts indicate

stable or improving conditions. This has been dem-
onstrated in recent cooperative efforts among the De-
partment of Water Resources, the Corps of Engineers,

and the Pacific Gas and Electric Company.

Conclusions

1. Prompt action in studies, financing, and construc-

tion could probably increase the hydroelectric energy

output of California about 30 percent by 1990.

2. An additional significant amount of hydroelectric

energy potential exists but its development may never be

realized. This includes streams in the Wild and Scenic

River Systems, projects with major adverse effects on the

fishery and those with major engineering problems.

3. Additional study of the near term hydroelectric po-

tential of California should be undertaken by local, state,

and federal water development agencies and by public

and private utilities. This would include: (a) more de-

tailed review of the most likely potential undertakings;

(b) discussions, and possibly agreements, among state,

federal, or local agencies; (c) feasibility studies, includ-

ing site mapping and exploration, cost estimates, fish

and wildlife aspects, general environmental effects, op-

erational factors, and alternative financing proposals;

and (d) reports to the Legislature and Congress for au-

thorizations where appropriate.

4. While there are many significant opportunities for

development of additional hydroelectric generation in

California, most of the anticipated growth in electrical

energy requirements will have to be met by other

sources, such as nuclear and fossil fueled steam plants.

CHAPTER II. INTRODUCTION

The purpose of this report is to present an assessment

of California's hydroelectric energy potential and to

identify opportunities which warrant further study or ac-

tion. An additional objective is to create public aware-

ness of the role of hydroelectric generation in satisfying a

portion of California's energy needs.

The Growing Need for Electrical Energy

In California's recent past, both the population and
overall standard of living have risen dramatically. The
State's use of electrical energy has doubled approxi-

mately every ten years. Total requirements in 1 972 were
155 billion kilowatthours. Figure 1 shows historic elec-

trical energy generated for use in California from 1 950 to

1972. The figure also shows the amount of generation

provided by hydroelectric plants in California. These
plants have provided about 30 percent of the energy

produced in California in recent years.

Recent forecasts by the Resources Agency indicate

that electrical energy requirements in California could
increase to 355 billion kilowatthours annually by 1985.

Actual and estimated sources of electrical energy gener-

ation for the 1960-1985 period are shown in Figure 2.

The forecast shown in Figure 2 assumes a continued

reliance on additional nuclear and oil-fired plants.

No new methods of electrical generation are expected to

be in commercial operation before 1985; however, im-

provements in nuclear power plants are expected. The
growing demand and rising costs of fossil fuels make it

imperative that the other methods of generating electri-

cal energy be thoroughly evaluated. Several other recent

developments indicate that the forecasts shown won't

occur as indicated. Nuclear power construction has fall-

en behind schedule and it now appears that natural gas

will not be available in the quantities anticipated. Energy

conservation measures have slowed the growth in de-

mand. Nevertheless, present data indicates there will be

significant increases in the demand for electrical energy

in California.

Scope of Investigation

This is a physical inventory of potential hydroelectric

projects with only limited consideration given to

economic, environmental or institutional constraints.

This study placed emphasis on hydroelectric energy

generation rather than peaking capacity. The ability of a

plant to produce a firm supply of power on a definite

schedule was not a requirement for inclusion in the in-

ventory. In the case of pumped-storage, only those pro-

jects which would also utilize stream flow in addition
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CHAPTER III. CHARACTERISTICS OF HYDROELECTRIC POWER

This chapter presents discussions on several aspects of

hydroelectric energy generation to aid in understanding
of the subject.

Energy Generation and System Capacity

Since electricity cannot be stored in the large quan-
tities required by electric utility systems, it must be gen-

erated as the loads on the system require, at rates that

vary from hour to hour and even from minute to minute.

This report discusses hydroelectricity from two as-

pects: the total quantity of energy produced, and the

rate at which a plant can produce it, or the capacity of

the plant. A clear distinction between energy and capac-
ity will facilitate understanding of the following discus-

sion.

For example, a chandelier with ten 100-watt bulbs

would be a 1000-watt, or a 1 -kilowatt, light fixture. To
illuminate all 10 bulbs at the same time, a power source

with a capacity to produce 1 kilowatt is required. Capac-

ity is the rate at which power is produced and is ex-

pressed in kilowatts. Now, if the chandelier is illumi-

nated for 1 hour, 1 kilowatthour of energy is consumed;
if it's illuminated for 2 hours, 2 kilowatthours of energy

are consumed. Energy then is the amount of power used
and is measured in kilowatthours. Note that the capacity

stays the same but the energy changes depending on the

time the lights are on. Remember that capacity
(kilowatts) is the rate at which power is produced or

consumed and energy (kilowatthours) is the total amount
of power produced or consumed.
To meet an increase in load, power systems must have

a generating capacity large enough to supply peak re-

quirements and flexible enough to respond almost in-

stantaneously to load changes. It is in meeting this con-
stantly changing load that hydroelectric generation is

particularly well suited because of the ability to start,

stop, and make changes in power output much more
quickly and efficiently than steam plants.

Figure 3 shows how the load varies for a typical power
system.
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Plant Capacity Factor and Energy Generation

The energy generated by a hydroelectric power plant

is a function of the quantity of water available to drive

the turbine, the head (or amount of fall) under which it

operates, and the hours (duration) of operation. Plant

capacity factor is the ratio of actual hours operated to the

total hours available. For example, if a plant could be

operated at full capacity all year, it would be generating

at 100 percent annual capacity factor.

If the same plant was operated at full capacity only

half the time each year, it would be generating at a 50
percent annual capacity factor. To utilize the same
amount of water and generate the same amount of

energy, the installed capacity would have to be doubled.

Likewise, if it were to operate at 25 percent annual

capacity factor, then the installed capacity would be four

times as great. Plants designed for lower annual capacity

factors would require larger water supply conduits to

accommodate the increased flow, as well as storage for

the water when the plant is not operating. The average
annual energy generation would nevertheless be the

same in all cases.

Plants operating at low capacity factors are called

peaking plants, and are operated only during the peak
demand periods of the power load. These peaking plants

are generally shut down during off-peak periods unless

water in excess of the firm supply is available for the

generation of energy.

When a plant has unused capacity, there is an oppor-

tunity to take advantage of excess water during times

when the reservoir would otherwise spill. Therefore, for

a given water supply, a plant designed to operate at a

lower capacity factor generally can produce more
energy.

Over the years, hydropower development in Califor-

nia has shifted from plants designed for base load opera-

tion to higher and higher peaking operation, i.e., lower
capacity factor. Because of this shift, historic production
of electrical energy is not directly proportional to in-

stalled capacity. Installed capacity figures have been in-

cluded in this report for reference purposes and as a

measure of the physical plant that might be required.

Types of Hydraulic Turbines

Hydroelectric plants convert the energy of falling

water into mechanical energy by the turbine, and then

into electrical energy by the generator.

There are three types of water wheels or turbines now
in general use. The selection of a particular type depends
largely on the hydraulic head at the plant.

Propeller type, either fixed or adjustable blade, em-
ployed for heads usually ranging from about 10 feet to

1 00 feet.

Francis type, employed for heads usually ranging from
about 40 to 1 ,000 feet or more.

Impulse type, employed for heads usually ranging

upward from about 850 feet.

The first two types are "reaction" turbines, equipped
with draft tubes, and developing power based on the

difference in the levels of headwater (in the reservoir)

and tailwater (at the power plant outlet). The impulse

type makes use of a high velocity jet impinging on a

series of buckets set around the outside of the wheel.

Efficiencies of the three types of water wheels do not

differ greatly from each other under the best operating

conditions for each type.

Types of Hydroelectric Power Development

In this report, power plants not operated as pumped-
storage projects are described as conventional plants.

Many of the early conventional hydroelectric power
plants in California were single purpose development.
However, because streamflow in the State is largest in

the winter and spring followed by long periods of greatly

reduced flow, it was necessary to construct storage re-

servoirs in order to assure a dependable supply of water.

Most recent California hydro plants use some form of

water storage for flow regulation.

The majority of hydroelectric installations in the State

are associated with reservoirs used for many purposes in

addition to providing water for power generation. Pro-

viding municipal, industrial, and irrigation water sup-

plies is a major purpose of most reservoirs. Flood con-

trol, stream flow enhancement, and fish and wildlife are

also important uses of California's water. There is also a

growing need for water related recreation and water

quality improvement. In such combinations, develop-

ment of hydroelectric power completes the utilization of

the water resource.

The comparatively new pumped-storage type of de-

velopment is already in use in California, notably at San

Luis Reservoir, at Oroville-Thermalito, and at Castaic

Reservoir of the State Water Project. Pumped-storage

plants utilize a power plant situated with access to an

upper and a lower reservoir. The plant incorporates a

pump-turbine to generate electricity as water is released

from the upper reservoir to the lower reservoir. The tur-

bine is then reversed for pumping water back to the

upper reservoir to be used again.

All pumped-storage facilities consume more energy in

the pumping mode than they produce during the genera-

tion mode. This type of operation is financially feasible

because pumping is done at times or seasons when elec-

trical energy is cheapest and the release and generation

is done at times when energy is most valuable.

Pumped-storage plants are ideally suited to meeting ex-

treme peaks in the power load which lasts for only a few

hours at a time.



CHAPTER IV. HYDROELECTRIC POWER IN CALIFORNIA

The generation and use of electrical power in Califor-

nia began in the latter part of the 1 9th century. In 1 879,
the California Electric Light Company was doing busi-

ness from a plant at Fourth and Market Streets in San
Francisco. True, the company's two coal fueled
generators served only 1 6 arc lamps, earning $1 a week
per lamp, but it was the start of the power business in

California. Thomas Edison's plant was not opened in

New York City until 1 882, three years later. Nearly all of

the earliest power developments were steam operated.
This made it convenient to locate the plants close to the

large areas of population. In California, however, coal

had to be imported at considerable expense. The moun-
tainous geography of the State and the snowmelt runoff

made hydroelectric power development an obvious next

step. But the mountains were far from the largest popula-

tion sites, and as with water at a later time, California

had a problem of transportation and distribution of elec-

trical energy.

The increased use of hydroelectric power in California

resulted from, and in turn stimulated, advances in power
transmission. In 1 893, the old Mill Creek No. 1 plant, the

pioneer polyphase hydroelectric development in the

State, now operated by Southern California Edison Com-
pany, began operation supplying electricity to Redlands,
IVi miles away. In 1895, the Sacramento Electric Power
and Light Company began operation of a plant at Fol-

som, to supply the City of Sacramento (shown on cover).

Between 1 895 and 1 899 many hydroelectric plants were
built, both in Northern and Southern California. Col-

eman hydroelectric plant went into operation in 1 899 on
the Yuba River to supply power to Oakland 142 miles

away. This development included an outstanding
achievement in power transmission for the time. Installa-

tion of the 40,000-volt line involved an unprecedented
engineering feat when it was suspended across Car-

quinez Strait, a distance of 6,292 feet between anchor-

ages. Today there are more than 170 hydroelectric

power plant in operation throughout the State.

Role of Hydroelectric Energy
in the Overall System

Falling water was the primary source of electrical

power in California in the last years of the 19th Century
and during the first decades of the 20th Century. Steam
plants were used to supply peak loads and to supple-

ment hydropower, especially under adverse water sup-

ply conditions. The early hydroelectric developments
were usually single-purpose plants, built almost exclu-

sively by the electric utilities to meet the increasing de-

mands for power. Even though there was some firming

up of late summer flows which benefited irrigation and
other uses, there was little storage for this purpose. In-

creases in demand for urban and agricultural water.

however, gradually forced a trend toward public de-

velopment of water supplies often including power gen-

eration. This trend continues in California today.

Competing water demands complicated the produc-
tion of hydroelectric power. Drought conditions drasti-

cally limited the amount of water available for genera-

tion while increasing the need for electric power to run
irrigation pumps. In the late 1920's, particularly in

Southern California, steam generating capacity in-

creased rapidly, partly as the result of a series of dry

years, but more because of the low cost of fuel.

In the years after World War II, increasing demands
for electrical power were met primarily by progressively

larger and larger steam-powered generating plants. This

trend resulted from the rapid advances in design and
capability of steam plants and the very favorable oil and
natural gas fuel prices. However, another factor decisive

in this trend was plant lead time — the amount of time

from design until the plant was producing power. Since

hydroelectric installations constructed as part of large

multiple-purpose water development projects involve

permits, licenses, and governmental policy decisions re-

garding water use, and often the legal problems of water
rights, lead time was usually much longer for hydro

plants. Also, since the most feasible hydroelectric sites

were developed first, only the less attractive sites re-

mained.

Thus circumstances have resulted in emphasis on
conveniently located thermal generating plants fired by

natural gas, fuel oil, or a combination of the two, and
nuclear fuel. Hydroelectric installations are now de-

signed primarily for peaking operation, and even this

type of facility faces increasing competition from recent

developments in large quick-starting gas turbine units.

The long lead time now common for approval of nu-

clear plants, and the increasing cost of fossil fuel

prompts reconsideration of hydropower as a means of

meeting a portion of the future energy needs of the State.

Today, hydroelectric power is still relied upon for

about 30 percent of the total electric energy require-

ments of California. By 1980 this figure is estimated to

drop to approximately 18 percent. Presently, steam

generating plants tend to be operated as base-load

power facilities, with limited peaking capacity. As sys-

tem demands increase, and steam plants are expanded
to meet base-load demand, hydroelectric peaking
capacity will become even more useful.

Methods for Increasing System Output

In addition to constructing new hydroelectric generat-

ing facilities or enlarging existing installations, certain

possibilities offer a potential for increasing output of

hydroelectric systems. These possibilities include

weather modification to increase basin runoff; modify-



ing priorities of multiple-purpose project operation to

increase energy production, including modification of

reservoir flood control operation criteria to reduce spills;

long range weather forecasting to improve seasonal op-

eration; and watershed management and reservoir

evaporation suppression to increase runoff.

Weather modification has been carried on in Califor-

nia to a limited extent by electric utility companies and

others for several years. The Department of Water Re-

sources has a pilot project in the Feather River Basin to

determine the feasibility of weather modification to

augment the water supply and power production of the

State Water Project. The pilot project will estimate the

amount of additional water that will result from weather

modification and test those estimates under actual field

conditions.

Increased energy production through modification of

flood control operating criteria was demonstrated in re-

cent cooperative efforts between the Department of

Water Resources, the Corps of Engineers, and the Pacific

Gas and Electric Company at Oroville Dam. The tech-

niques used could be applied to other flood control re-

servoirs located above power plants. However, unless

priorities are substantially altered, the increase in energy

is limited, since the technique depends on the occur-

rence of favorable weather outlook and other special

circumstances.

Environmental Aspects of

Hydroelectric Developments

Hydroelectric developments have the potential for

causing significant environmental changes; these en-

vironmental effects can be both good and bad. Positive

effects can include such things as the creation of new
lakes, water quality control, control of floods, stream

flow enhancement, increased firm water supplies, recre-

ation opportunities, reservoir fisheries, and of course ad-

ditional power to meet society's needs. On the other

hand, negative effects may include such things as inun-

dation of valuable land, displacement of people, reduc-

tion of wildlife habitat, damage to stream fisheries, and
elimination of free-flowing streams. Careful planning
and development should try to optimize opportunities

for environmental enhancement and reduce environ-

mental losses to the degree practicable. While past

studies of some of the projects identified in this report

have included fish and wildlife studies and a general

environmental assessment, no additional environmental
assessments have been conducted for this report. Future

studies of any of the projects presented here would in-

clude environmental studies as called for in state and
federal laws in order to assess all environmental effects.

Protected Areas

There are many areas of the State where further hy-

droelectric power development is precluded under exist-

ing laws. These include national parks, state parks, wil-

derness and primitive areas, and, most recently, streams

within the Federal and State Wild and Scenic River Sys-

tem. In most cases, in the basin plans presented in Chap-
ter V, hydroelectric projects have not been included
when they are located in national parks or wilderness

areas. No attempt was made to evaluate the potential in

these areas. The potential of streams in the Wild and
Scenic River Systems is discussed in the presentation on
the individual basins. A brief discussion of the Federal

and State Wild and Scenic River Acts follows.

Wild and Scenic Rivers Legislation

The relatively recent enactment by the Congress and
the California Legislature of Wild and Scenic River Legis-

lation has resulted in several rivers of the State being

withheld from any development which would alter their

free-flowing condition.

In 1 968, the Congress enacted Public Law 90-542, the

Federal Wild and Scenic Rivers Act, which declares that

certain selected rivers of the nation shall be preserved in

free-flowing condition, and that they and their im-

mediate environments shall be protected for the benefit

and enjoyment of present and future generations. The
entire Middle Fork Feather River above Lake Oroville

was included in the initial National Wild and Scenic

River System created by the Act.

In 1 972, passage of SB 1 07 added Chapter 1 .4 to Sec-

tion 1, Division 5 of the Public Resources Code, known
as the California Wild and Scenic Rivers Act. It provides

that ".
. . certain rivers which possess extraordinarily

scenic, recreational, fishery or wildlife values, shall be
preserved in their free-flowing state, together with their

immediate environment, for the benefit and enjoyment
of the people of the State." This Act created the Califor-

nia Wild and Scenic Rivers System, which includes the

Smith and parts of the Klamath, Trinity, Eel, and North

Fork American Rivers.

The Act also says "... It is the intent of the Legislature

with respect to the Eel River and its tributaries . . . that

after an initial period of 12 years following the effective

date of this chapter the Department of Water Resources

shall report to the Legislature as to the need for water

supply and flood control projects on the Eel River and its

tributaries, and the Legislature shall hold public hearings

to determine whether legislation should be enacted to

delete all or any segment of the river from the system."

Reaches of the rivers included in the Federal and State

Systems are depicted on the basin maps.



CHAPTER V. POTENTIAL HYDROELECTRIC ENERGY DEVELOPMENT

Until the late 1950s, hydroelectric power played a

major role in most water project proposals. By that time

many of the better hydropower sites had been de-

veloped. Competition from increasingly large and effi-

cient steam power plants using inexpensive fossil fuel

further reduced the relative economic value of hy-

droelectric power, and it became more difficult to justify

hydroelectric power generating facilities. Now the situa-

tion has substantially changed with the increasing cost

and scarcity of fuel, and a possible statewide electrical

energy shortage calls for a reassessment of hydroelectric

potentials. Many of the possibilities presented in this

chapter are based on projects that were studied once but

rejected because of lack of economic justification under

the then-prevailing power benefit values. Some propos-

als are multiple-purpose water development projects

which did not include power generation as a project

purpose when first considered. Enlargements of existing

facilities to increase storage and generating capacity

have also been included at sites that may have been

underdeveloped initially.

Basic Assumptions

In combining this old and new information into a

statewide inventory, it has been necessary to adopt a set

of working rules, assumptions, and hypotheses. The ob-

jective of this inventory is to assess the overall long-term

potential for hydroelectric power development in

California. Consequently, the criteria used in this report

were designed to permit inclusion of any reasonable de-

velopment. Costs, economic feasibility, and environ-

mental factors were not evaluated for this report. Ap-
propriate qualifications are included for those projects

with serious restrictions. So that this report can aid

policymakers in guiding future developments, the stan-

dards used allow inclusion of most serious planning pos-

sibilities but exclude those with no real hope for future

implementation.

Evaluation Methods

For this report, most of the figures given for installed

capacity and average annual energy generation were

taken from various prior reports. Much of these data are

also summarized in reports of the Federal Power Com-
mission. For most projects, the annual plant capacity

factor used in determining installed capacity was not

available, and no attempt was made to adjust the in-

stalled capacity or energy generation of all projects to a

common basis typical for today's conditions. Federal

Power Commission capacity and energy figures from its

1972 summary report were used for most cases. In in-

stances where no prior project studies were available, it

was necessary to calculate installed capacity and aver-

age annual energy generation.

Basin Inventories

This section presents physical inventories of oppor-
tunities for development of hydroelectric energy for each
major stream basin. Information is also presented on ex-

isting hydroelectric development. Only those potential

projects which could produce about 25 million

kilowatthours or more per year were included. Projects

designed solely for pumped-storage are not included be-

cause they do not contribute energy to the system. All

potential projects have been placed in one of three

categories in the basin tables. These categories are de-

fined as follows:

Category 1 - Potential projects in areas where
development is restricted by exist-

ing statutes providing protection to

state and federal wild and scenic

rivers and national parks. These
projects are not listed in the basin

table but are discussed in the ac-

companying text. Their energy po-

tential is also included in table 2 of

Chapter V.

Category 2 - Potential projects that would in-

volve complex or lengthy (15 or

more years) implementation.

Category 3 - Projects that appear to have poten-

tial for near future construction.

Table 2 presents a summary by basin of existing and
potential electrical energy production in California. The

individual basin writeups follow. The legend on page 1

1

is common to all basin maps.



Table 2. Hydroelectric Energy Production in California

Potential Future Additions

Stream Basin

(1)
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1 SMITH - TRINITY

CLAIR ENCLE LAKE

•^ EXPORTS TO SACRAMENTO RIVER BASIN

*'°" V_=^i^ Whiikevtown Lake

S()iing Creek P.H.

u^

See legend page 1 1

.
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:lamath rivers basin
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SMITH-TRINITY-KLAMATH RIVERS BASIN



2 MAD RIVER - REDWOOD CREEK BASIN

LUPJON RESERVOIR

ANDERSON FORD

MILES

5 S 10 15 20

See legend page 1 1

.
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KEY MAP

MAD RIVER — REDWOOD CREEK BASIN

PLANT NAME
OR SITE



3 EEL RIVER BASIN

KEY MAP

DINSMORE RESERVOIR

EEL — YOLLA BOLLY

oV '^^"^'^ RESERVOIR WILDERNESS AREA

Potter Valley

P.H. (Enlarged)

EXPORTS TO RUSSIAN RIVER BASIN

See legend page 1

1
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EEL RIVER BASIN

PLANT NAME
OR SITE



6 RUSSIAN RIVER BASIN

, IMfOKIi FROM ffl RIlfR SASI.V

See legend page 1 1

.
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KEY MAP

Russian River near Jenner
DWR photo 4001



7 UPPER SACRAMENTO - McCLOUD - PIT

See legend page 1 1

.
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DIVERS BASIN

UPPER SACRAMENTO-McCLOUD-PIT RIVERS BASIN



8 REDDING STREAM GROUP BASIN

KEY MAP

See legend page 1 1

.
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9 STONY - THOMES CREEKS BASIN

,P.H.

Black Butte Reservoir

ENLARGED

5

MILES
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=1=

20

See legend page 1 1

.
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KEY MAP

Newville Damsite on Stony Creek
DWR photo 3386-3

STONY-THOMES CREEKS BASIN

PLANT NAME
OR SITE



10 PUTAH - CACHE CREEKS BASIN

KEY MAP

KUMStV AfTtRBAV

See legend page 1 1

.
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PUTAH-CACHE CREEKS BASIN

PLANT NAME
OR SITE



1 1 EAST SIDE STREAM GROUP BASIN

KEY MAP

See legend page 1 1

.
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EAST SIDE STREAM GROUP



12 UPPER FEATHER RIVER BASIN

KEY MAP

Thermalilp P H

Theimahtii if' OrOVIIIe

''
kolK Ridne P H

ffjthee Rnor

See legend page 1 1

.
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UPPER FEATHER RIVER BASIN

PLANT NAME
OR SITE



13 YUBA - BEAR RIVERS BASIN

^\

5a/rnon Creek ^Keservoir

Chapman Creek Reservoir

MERLE COLLINS RfSERl '
>iP

See legend page 1 1

.
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YUBA—BEAR RIVERS BASIN



14 AMERICAN RIVER BASIN

KEY MAP

5
I I I I 1=1=

MILES
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=1=

20

See legend page 1 1

.
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AMERICAN RIVER BASIN



15 COSUMNES - MOKELUMNE - CALAVERAS

RIVERS BASIN

NASHVILLE RfMRVOIR

See legend page 1 1

.
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KEY MAP

COSUMNES—MOKELUMNE—CALAVERAS RIVERS BASIN

PLANT NAME
OR SITE



16 STANISLAUS RIVER BASIN

KEY MAP

Boards Crossing P H

r ^
Big Trees Reservoir^ gi^ive'

Upper Beaver Diversion

Tulloch P.H

I I I I I ^
MILES

5 10^ =1=
15
=F=

20
=1

See legend page 1 1

.
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STANISLAUS RIVER BASIN



17 TUOLUMNE RIVER BASIN

KEY MAP

New Dtjn Pedi

U Grange Re^ervin

1,1 O.ince P H

MILES

5 10 15 20

See legend page 1 1

.
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TUOLUMNE RIVER BASIN



18 MERCED RIVER BASIN

KEY MAP

Merced Falls P.H

SNELUNC RESERVOIR

MILES

5 10 15 20

See legend page 1 1

.
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19 UPPERSAN JOAQUIN RIVER BASIN

KEY MAP

r-^

See legend page 1

1





20 KINGS RIVER BASIN

KEY MAP

'--/ \

See legend page 1 1

.
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KINGS RIVER BASIN



21 KAWEAH - TULE - KERN RIVERS BASIN

_^^pKINGS CANYON NATIONAL PARK

See legend page 1 1

.
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KEY MAP



23 TRUCKEE RIVER BASIN

I I I I I
=1=

KEY MAP

MILES

5 10 15 20^ ^

See legend page 1

1





24 CARSON - WALKER RIVERS BASIN

KEY MAP

See legend page 1

1



CARSON—WALKER RrVERS BASIN

PLANT NAME
OR SITE



25 MONO LAKE - UPPER OWENS RIVER BASIN

KEY MAP

See legend page 1 1

.
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26 LOWER OWENS RIVER BASIN

KEY MAP

See legend page 1

1



LOWER OWENS RIVER BASIN

PLANT NAME
OR SITE



31 SOUTH COASTAL BASIN

KEY MAP

Los Angeles Aqueduct

Big Bear Lake

Mill Creek No.

o~l No. 3

See legend page 1 1

.
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SOUTH COASTAL BASIN



32 COLORADO DESERT BASIN

KEY MAP

San Gorgonio No 1

San Gorgonio N

Imperial Reservoir

itL.
Laguna Reservoir

^ Pilnl Knob ^^
r " El Centro

, , \^ _ ^';rfi^

"Double Weir P.H."

plion Drop PH.

MILES

10 10 203040

See legend page 1 1

.
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COLORADO DESERT BASIN



CALIFORNIA AQUEDUCT

See legend page 1

1







INTERIOR OF OLD FOLSOM POWERPLANT
(PHOTO BY TOM MYERS)
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